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Abstract: The electronic transition bands of 2-chloro-6-methyl pyridine molecule in liquid state and the effect of 
^ -halogen atom on the absorption intensity of the 8-band (characteristic band of aromatic ring) have been 
studied The n-iC transition (E2-band) has shown the usual behavior towards the substitution and the polarity of 
the solvents But the rviC transition (R-band) has evidenced a usual behavior towards the solvent polarity (/ e. 
the Thif transition has shown blue shift with respect to the n-if system of pyridine) The halogen atom and/or 
orhto para directing group (having high potential for a large inductive effect) have shown a marked influence on 
the sff electrons of the N-atom of the ring As a result, the 8-band has evidenced an unusual behavior / e it has 
not shown a hyperchromic effect with increase in the polarity of the solvent 
Keywords : Ultra violet absorption spectra, solvents effect on electronic transitions 
PACS Nos : 78.40. Dw, 31. 70 Dk 
1. Introduction 
The N-Heterocyclic compound such as Pyridine and their derivatives are of considerable 
biological importance. They have been known to act as herbicides, insecticides, rodenti-
cides and plant growth regulators [1-4] etc. However very little spectroscopic studies are 
reported for them in literature. Pyridine shows in addition to the usual n-n* system, a 
shoulder band towards longer wave lengths. This system which is symmetry allowed and 
polarized perpendicular to the molecular plane, has been assigned as due to t>*? transition 
by Kasha [5]. Further, a systematic and complete Vibrational analysis of electronic spectra 
of Pyridine and some of its deuterated analogues has been made by some previous 
workers [6-8]. On substitution, the n-rt and t>if system of Pyridine normally produce 
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bathochromic and hypsochromic shifts respectively, the vibrational frequencies also get 
modified. As regards the earlier studies, the spectral data of some of the mono and 
disubstituted pyridine are provided among other [5, 9-15]. In the present work, we have 
measured the n-n* and n-n* transitions of 2-chloro-6-methyl pyridine (here after referred as 
2,6-CMP) in the region of 400-200 nm in liquid state using polar solvents with a view to 
investigate the effect of solvent and effect of halogen and/or ortho para directing groups on 
the position and intensity of the electronic absorption bands. 
2. Experimental procedure 
The spec-pure grade sample of 2,6-CMP was obtained from M/s Sigma Aldrich Chemicals 
Co. West Germany and used as such. The Purity of the compound was further confirmed 
by boiling point (64°) determination and elemental analysis. We have measured the n-K*l 
n-n*II and n-if transitions of 2-chioro-6-methyl pyridine in a uv/vis double beam spectro-
photometer Model Backman M-35 in the region of 400-200 nm liquid state, using various 
polar solvents (wz-ethonol-»methanol~>water). The solvent used for preparing the solutions 
of the said compound were of spectroscopic grade. 
3. Results and discussion 
The molecular structure of 2, 6-CMP is shown in Figure 1. The near ultra violet absorption 
spectra (region 400-200nm) of 2, 6-CMP in various solvents (a) Ethanol (b) Methanol and 
(c) Water are shown in Figure 2. The electronic transitions of the compound observed in 
various solvents are given in Table 2. 
s*** 
Figure 1. The molecular structure of 2-chloro-6-methy! pyridine. 
3.1 Band due to n-n* transition: 
The spectra of heteroaromatic compounds are on the whole similar to their corresponding 
hydrocarbons [16,17] The spectrum of pyridine is comparable with that of benzene. 
Benzene itself displays three electronic absorption bands [16,17] at 184nm (e, the molar 
absorptivity or the extinction = 60,000), at 203.5nm (e=7900) and at 256nm (e=200) due 
to K-i? transitions. The itense band at 180nm results from an allowed transition [17], 
whereas the weaker bands at 200 and 260nm result from forbidden transitions in the highly 
symmetrical benzene molecule. Different notations have been used to designate the 
absorption bands of benzene, these are summarized in Table 1. We shall discuss these 
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Figure 2. Near ultra violet absorption spectra (region 400-200 nm) of 2-chloro-6-methyl pyridine in 
(a) ethanol (b) methanol and (c) water. 
using braude's Eand Snotations[17]. The ©-band has evidenced an unusual behavior i.e. 
it has not shown a hyperchromia effect with increase in the polarity of the solvent. Such 
type of bands i.e. unusual behaviors of B-band arises due to n-n* transition in aromatic or 
hetro-aromatta molecules (the n-n* transition has shown red shift with respect to the n-x* 
system of pyridine). Benzenes shows absorption peaks between 230-270 nm. When a 
chromophoric group is attached to the benzene ring, the 8-bands are observed at longer 
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wave-lengths than the more intense K-bands. The position as well as the intensity of the 
S-band is not shifted by increasing the polarity of the solvent. But in heterocyclic aromatic 
compounds a marked hyperchomic shift (increases in e ^ is observed by increasing the 
polarity of the solvent. This type of transition occurs in the unsaturated centers of the 
molecule, i.e., in compounds containing double or triple bonds and also in aromatics. The 
excitation of n electron requires smaller energy and hence, transition of this type occurs 
at longer wavelength. A n electron of a double bond is excited to n* orbital. S-band is 
generally found in between 230-270 nm. 
Table 1. Electronic absorption bands of benzene melecule (16). 
184nm 
Et-and 
204nm 
E2-and 
K-band 
256nm 
S-band 
tf-band 
References 
(18) 
(19) 
Between benzene and pyridine, the S-band of pyridine is more intense with some what 
diminished fine structure where as in benzene, the S-band at 256nm displays fine structure 
i.e. the band contains multiple peaks. This transition is allowed for pyridine but forbidden 
for more symmetrical benzene [16,17]. The band observed at 282nm, 283nm and 277nm 
in the study in all the three solvents (ethanol, methanol and water) are originated from 
TT-TT*, transition and designated as S-band. 
3.2 Bands due to n-n * transition : 
The f?-band expexted for an n-n* transition for pyridine molecule has been observed in 
vapour phase spectra. The spectrum is determined in solution [17] because of intermolecu-
lar hydrogen bonding found between the N-atom of pyridine ring and the solvent molecule. 
The ff-bands found in this study, have originated from n-n*l and n-7t*U transitions due 
to the attachment of groups containing lone pair electrons i.e. -CI or -CH3 groups and 
occured at 298nm (Methanol), 291 nm (Ethanol/Methanol) and 281 nm (Water) respectively. 
4. Effect of substitution on electronic transitions 
An Auxochrome (Le. a saturated group with non bonded electrons eg: - OR,-ON,-NH2, and-
CI etc.) attached to a chromphore (a covalentaly unsaturated group responsible for elec-
tronic absorption eg. aromatic ring, -C-C-.-CsC-, etc.) alters both the wave length and the 
intensity of the absorption [16]. Auxochromic substitution on the aromtic ring shifts S-band 
to longer wave length, frequently with intensification of the 6-band and loss of its fine 
structure because of *>*;* conjugation [17]. Generally, the S-band occured in between (230-
270nm) and displays a fine structure i.e. the band contain multiple peaks. In the present 
investigation S-bands (n-n*) observed at 282nm, 283nm and 277nm in 
ethonol-»methanol->water have large intensity without a fine structure. In auxochromic 
substitution. The S-bands shifts to longer wavelength frequently increase in intensity. 
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Figure 3. The combined inductive and mesomeric (resonance) effects of chloro and methyle group 
responsible for shift in n-n* and n-n* transitions. 
The auxochromic groups present on aromatic riilg are responsible for n-n* transition 
(fl-band) due to the presence of non bonding electrons (i.e. lone pair electrons), available 
on the auxochromic group. In 2,6-CMP molecule (/.e.disubstituted molecule), the inductive 
effect of auxochromic groups is responsible for n-n conjugation. The-CI group has three 
lone pair of electrons to that of -CH3 group. Further more, the -CI group is highly electrone-
gative and have much more negative inductive effect in comparison to that of -CH3 group 
and the size of -CI group is much lower than that of -CH3 group. As a result of which 
valence shell electrons of -CI group contribute large nuclear charge in comparison to that 
of -CH3 group. In conjugated systems, the energy separation between the groups at the 
excited states is reduced and the system absorbs at larger wave lengths with an increased 
intensity [16]. (i.e. S-band is intense at longer wave length). The shift in absorption results 
from a combination of inductive and resonance effects are shown in Figure 3. The /?-band 
(due to the additive effect of auxochromic substitutions) shifts to longer wave lengths at 
298nm (Methanol), 291 nm (Ethanol/Methanol) and 281 nm (Water) respectively. 
5. Effect of solvents on electronic transitions 
The B-band of Benzene, an increase in the solvent polarity does not effect either the 
position or the intensity. But Produces a hyperchromic effect (an increase in absorption 
intensity). For pyridine and its homologs [16,17], this effect is assigned to the hydrogen 
bonding through the lone pair of electrons of the nitrogen atom [18,19] In 2,6-CMP molecule, 
an increase in solvent polarity, hyperchromic effect is not observed because of the presence 
of oc-halogen atom (-CI), which has high negative inductive effect (-1) and influence that sff 
electrons of the A/-atom of the ring, As a result, it makes the lone pair electrons of Af-atom 
of the ring less available for H-bonding. The negative inductive efffect of chloro group 
becomes much greater, as the solvent polarity increases by the dipole-dipole interaction 
between the solute and solvent particles. As the solvent polarity decreases, the negative 
inductive effect of-CI group also decreases. As a result, the lone pair electrons of /V-atom 
of the ring are readily available for intermolecular H-bonding to result in the increase in 
absorption intensity of the S-band in less polar solvent than in more polar solvent. 
The n-if transition (f?-band) shows a hypsochromic shift (blue shift) on increasing the 
polarity of the solvent [16]. The n-if transition will be of higher energy i.e. of lower wave 
length (blue shift) which is shown in Figure 4. In the present work the blue-shift has been 
observed by n-n* transition (ft-band) as the polarity of the solvent increased [20,21] i.e. 
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ethanol-»methanol->water (Table 2). The amount of blue-shift has been used as a measure 
of the strength of the H-bonding. 
n-7i* transition is raised 
in energy 
the n-n - energys 
lowered 
solvent a more polar solvent 
Figure 4. Solvent effect on n-rc* and it-it transition. 
The n-it transition has shifted to the longer wave length i.e. red shifted (Lower energy) 
in a more polar solvent [16]. The polar excited state of the n-tf transition is stabilized by 
W-bonding in more polar solvent. Becker et al [22], has suggested that the n-n* transition 
under go red shifts (Lower energy) as the polarity of the solvent increases. This Lowers 
the distance between n and if levels with a subsequent lowering in the energy or raising 
the wave length of the transition shown in Figure 4. We have observed the red shift by the 
n-n* transition (E2-band) as the polarity of the solvent has increased from 
ethanol-*methanol->water (Table 2) in 2, 6-CMP. 
Table 2. Effect of solvents on electronic absorption bands/transition of 2-chloro-6*methyl pyridine 
(all values are in nanometer). 
Solvent 
Ethanol 
Methanol 
Water 
ihif\ 
(f?-band)/nm 
-
298 
-
n-ru 
(fl-band)/nm 
291 
291 
281 
K-lf 
(B-band)/nm 
282 
283 
277 
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